• AIM: To compare the effectiveness of unilateral recession-
INTRODUCTION

I ntermittent exotropia [IX(T)] is the most common type
of exotropia, accounting for a proportion of up to 50% to 90% of all patients with exodeviation [1] . IX(T) is characterized by intermittent divergence of the optical axis, which is usually present initially on distance fixation or when the child is tired. The ocular misalignment may worsen or deteriorate into constant exotropia, which adversely affects stereo vision and may cause amblyopia; conversely the misalignment may resolve over time [2] . The commonly used surgical methods for IX(T) include bilateral lateral rectus recession (BLR), unilateral lateral rectus recession and medial rectus resection (R&R), of which, the R&R is considered to be more effective than BLR according to most of the clinical studies. However, it is suggested by Yuksel et al [3] that BLR and R&R gained similar success rates after surgery. So, the conclusion of which surgical approaches is the best for treating IX(T) is still to be argued, given the divergent as above. Moreover, the evidence for the comparative effectiveness of both two kinds of surgeries is limited by the few randomized controlled trials (RCT; the comparison of efficacy of the two approaches is practically found in only one RCT). Although there are several observational studies have been conducted with strict experimental design and a relative long follow-up time, all of them are restrained by the insufficient sample size. To overcome the limitation of this, the very Meta-analysis was conducted to integrate all available data from the observational studies to finally draw a relatively reliable conclusion. In accordance with the difference of the deviation angle at distance fixation and near fixation, IX(T) can be classified as basic, true divergence excess, pseudodivergence excess and convergence insufficiency [4] . Since too many subtypes being involved in a Meta-analysis may lead to a tough job of the results interpretation and unconvinced conclusion, the surgical outcomes in patients with only basic IX(T) was evaluated in the Meta-analysis. Unilateral lateral rectus recession (ULR) is often used to treat small-angle exotropia, and it is also an option for moderateangle exotropia. A large number of studies have compared the efficacy between BLR and R&R [5] [6] [7] [8] [9] , but few articles directly compare the efficacy between ULR and R&R. So, a comprehensive literature search has been conducted regarding the articles in associated with such comparison on the efficacy between ULR and R&R, and then a review was performed to integrate the evidence with regard to the effectiveness of these two kinds of surgeries.
MATERIALS AND METHODS
Literature Search Three major databases (PubMed, EMBASE, and the Cochrane Library) were applied with suitable keywords irrespective of the language and date published, for relevant articles. The keywords for disease are exotropia, divergent strabismus, ocular misalignment, ocular deviation, intermittent exotropia; and for intervention, the keywords are surgery, operation, surgical operation. Furthermore, every relevant reference included in the articles was manually researched. In addition, other search routes, such as Google Scholar search engine and relevant organizational websites, were also appropriately applied. Trials Selection Only literatures meeting the selection criteria established in advance were incorporated in this Meta-analysis. Selection criteria: 1) Basic type of IX(T) [the difference of deviation angle between distance fixation and near fixation less than 10 prism diopter (PD)] with patients younger than 18y; 2) Surgical intervention includes BLR and R&R and/or include ULR and R&R; 3) At least one of the primary outcome measures (success rate, overcorrection rate and undercorrection rate) can be extracted or calculated with data provided by the literature; 4) At least with a six-months follow-up; 5) The change of deviation angle was selected as one of the criteria to assess the success of surgery; 6) The definition of a success is definite. Data Extraction After discussion of two independent reviewers and referring to many literatures in this regard, some of the more important data were extracted, including location, age, number of patients, the duration of follow-up, types of IX(T), preoperative deviation, outcome variables, definition of surgical success.
Quality Assessment With reference to the quality evaluation criteria of three representative retrospective cohort studies, in conjunction with the characteristics of the articles themselves, a quality appraisal standard consisting of eight items was built. If an article satisfied more than five of eight items (robust inclusion/exclusion criteria or consecutive recruitment, prospective study, guidelines/protocol applied for surgery, outcome appropriately measured, identify important confounding factors, adjust for confounding factors, followed-up for at least twelve months, authors' conclusions substantiated by the reported data), it was then considered to be a high-quality retrospective cohort study. The quality of RCT was assessed with Cochrane Handbook for Systematic Reviews of Interventions in terms of parameters of sequence generation, allocation concealment, masking (blinding), incomplete outcome data, selective outcome reporting, and other sources of bias.
Statistical Analysis This Meta-analysis was performed using RevMan 5.3 (Cochrane Community, UK). In which, mean differences (MDs) with 95%CIs and odd risks (ORs) with 95%CIs were used for continuous data and dichotomous data, respectively. While for heterogeneity, it was quantified using the I 2 statistic, and I 2 >50% indicates the presence of heterogeneity [10] . Then, the outcome data were integrated with a random-effects model that accounts for clinical heterogeneity, and a P<0.05 was considered statistically significant, except otherwise specified. In addition, publication bias was also assessed by visually inspecting a funnel plot.
RESULTS
Study Characteristics
The database searching identified 2544 trials, and another 16 trials were also found through other methods (including 9 trials by manual search on reference list of incorporated studies and 7 by Google Scholar engine). After removal of duplicates and suitable screening, only 27 of 2560 trials that was found to be preliminarily satisfied with the inclusion criteria; then an assessment of eligibility covering full text of all 27 articles was performed, which found that 3 of them have unreasonable definition of success rate, and 5 of them were found without available data, and another 6 of them include more than two kinds of IX(T). Consequently, only 9 trials were eventually selected ( Figure 1 ) [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Of these studies, six of nine compared BLR and R&R, and other three studies examined the surgical results of BLR and R&R. Only one of the eleven trials involved in the studies is RCT, and all of rest are observational studies with comparative group. Seven research literatures were conducted in Asia (two in China, four in Korea, one in Singapore). Two studies were in the United States. In all incorporated studies, parameters of success rate, recurrence rate and overcorrection rate were indicated.
In Wang et al's [11] study, the definition of success was an esodeviation of ≤5 PD and exodeviation ≤8 PD at distance and near in primary position, respectively. After contacting the author, it is suggested that none patients' postsurgery exodeviation angle was within 8 PD and 10 PD. Therefore, esodeviation of ≤5 PD and exodeviation ≤10 PD at distance and near in primary position was reasonably considered as the standard of surgery success in this article to eventually unify the conditions. Similarity, in Chia et al's study [14] , success was defined as an IX(T) ≤10 PD, however the number of postoperative esotropic children and esodeviation angle of each esotropic children for both BLR and R&R group at final follow-up was given in the article, which enabled the possibility to calculate success rate, overcorrection rate, and recurrence rate, with the prerequisite of that an esodeviation of ≤5 PD and exodeviation of ≤10 PD at distance in primary position was thought to be success of surgery. So far, the definition of success was unified in all 6 studies. Table 1 shows the main characteristics of the included trials.
Risk of Bias in Included Studies
Randomized controlled trials Only one RCT was incorporated in this Meta-analysis [16] . The study has an unclear risk of bias in some areas according to the Cochrane Handbook, since the two procedures of randomization and allocation concealment were not described very clearly. In addition, the detection bias concerned for the blinding is not used in the evaluation of outcome. Cohort studies Eight studies with comparison groups were included in this Meta-analysis. In seven of all studies [11] [12] [13] [14] [17] [18] [19] , patients were recruited continuously, and the cases were selected in accordance with defined inclusion and exclusion criteria. And in the rest one study, details of patient recruitment were poorly selective [15] . There is a possibility of selection bias in at least five studies as the absence of standard protocol for the choice of IX(T) surgical procedure [12, [14] [15] 17, 19] . In most cases, intervention was made by the surgeon based on their experience, and sometimes, the decision was made after discussion between the surgeon and patient(s). Six articles were referred to guidelines and/or a standardized protocol to determine the surgical formula [11, 13, [15] [16] [18] [19] . There are so many outcome indicators could be used to evaluated the effect of surgery, like postoperative angle of deviation, sensory function, control or the combination of above. In this Meta-analysis, all incorporated studies provide motor alignment and/or improvement and/or success rates. But as regard to the issue of how to determine the success of the operation, it is still divergent. Most authors define surgical success as esodeviation of ≤5 PD to exodeviation of ≤10 PD at distance in primary position on each follow-up visit. However, both a stricter and a looser definition of success [e.g. IX(T)<10 PD, or orthophoria <10 PD esotropia/exotropia, 8 PD of exophoria and 8 PD of esophoria, 10 PD of exophoria and 10 PD of esophoria] are employed by others. In order to minimise clinical heterogeneity, only studies with a definition of the success as an esodeviation of ≤5 PD to exodeviation of ≤10 PD at distance in primary position or the success rate of which can be calculated through the data provided, were incorporated in the Meta-analysis. Two studies [13] [14] did not report the patients' age and angle of deviation at baseline, both of which are important influential confounding factors. The difference of age and motor alignment at baseline was not statistically significant between two compared groups in other studies ( Table 2) . Quantitative Synthesis BLR versus R&R The success rate of two kinds of surgeries: Seven studies compared the success rate of BLR versus R&R, and found that the difference was not statistically significant between two groups (pooled OR=0.96, 95%CI 0.43, 2.10), while the heterogeneity of the outcome was evident (I 2 =78%, P<0.001; Figure 2 ). Age of surgery onset, preoperative angle of deviation and follow-up time are important factors that influence the outcome of surgery. After a subgroup analysis in aspects of the age and the preoperative deviation angle, an evident heterogeneity was also observed. However, a stratify analysis in term of the length of follow-up time indicated that BLR achieved higher success rate (pooled OR=2.49, 95%CI 1.61, 3.86) with little heterogeneity identified (I 2 =39%, P=0.20) for a mean duration of follow-up of more than 2y. While, for a mean duration of follow-up of less than 2y, R&R group was superior to the BLR group, given that patients from R&R group acquired a much higher success rate (OR=0.56, 95%CI 0.33, 0.94) without identified heterogeneity (I 2 =9%, P=0.35; Figure 3 ). The overcorrection rate of two kinds of surgeries: six studies compared the overcorrection rate of BLR versus R&R. In all these six papers, the success was defined as that the alignment should be within 10 PD of exophoria/tropia and 5 PD of esophoria/tropia at distance in the primary position. Pooled results suggested that both two groups were much the same with statistically insignificant difference for the overcorrection (OR=0.85, 95%CI 0.41, 1.75), and with no identified heterogeneity (I 2 =0, P=0.97; Figure 4 ). The recurrence rate of two kinds of surgeries: six studies focused on the comparison of the recurrence rate between the two groups. In all six papers, the definition of success was that the alignment should lie between 10 PD of exophoria/ tropia and 5 PD of esophoria/tropia at distance in the primary position. The pooled result of two compared groups was comparable (OR=1.16, 95%CI 0.49, 2.77), however, with evident heterogeneity for the outcome (I 2 =77%, P<0.001; Figure 5 ). To explore the study heterogeneity, a subgroup analyses covering all factors of age of surgery onset, preoperative angle of deviation and the length of follow-up was conducted. As a result, it is found that the former two factors had no effect on the reduction of heterogeneity. But when the duration of follow-up was more than 2y, the pooled result was in favor of R&R (OR=0.40, 95%CI 0.23, 0.71) with little identified heterogeneity (I 2 =37%, P=0.21). While, if the length of followup was less than 2y, the BLR showed better performance (OR=2.11, 95%CI 1.17, 3.81) without identified heterogeneity for the outcome (I 2 =0, P=0.41; Figure 6 ). Publication bias: There was no evidence of publication bias according to inspection of the funnel plot ( Figure 7) . ULR versus R&R Three trials with more than 180 participants evaluated the effectiveness between the two compared groups of ULR and R&R. In two retrospective studies of all the three trials, the success of surgery was defined as alignment between 10 PD of exophoria and 5 PD of esophoria; while for [19] study, the success of surgery was defined as the alignment within 10 PD of orthotropia. After reading the full text, it is found that no patient in either group was postoperatively overcorrected at final follow-up, so all the surgery success rate, overcorrection rate and recurrence rate can be calculated in Kim et al's [19] study if the success of surgery was defined as an alignment between 10 PD of exophoria and 5 PD of esophoria. This ensured the consistency of success standards of surgery for all three articles. In the two studies, the type of IX(T) included both basic and true divergence excess, of which, the later one was very little, only two true divergence excess IX(T) are in Kim et al's [17] study.
A Meta-analysis of comparing two kinds of surgeries
Analysis results show that the ULR and R&R were equivalent to some extent in term of success rate (OR=0.82, 95%CI 0.36, 1.89). The mean duration of follow-up of more than 2y and a same follow-up period of more than 3y are for all the 3 trials involved. In addition, it is also found that the heterogeneity of outcome is evident (I 2 =74%, P=0.65), and such heterogeneity was not affected by the factor of age. In the subgroup analysis concentrating on the angle of preoperative deviation, it is found that in both studies by Suh et al [18] and Kim et al [19] , the preoperative angle of exodeviation was between 20 PD and 25 PD (moderate angle exotropia); moreover, the pooled result was consistent with that of previous one (OR=1.08, 95%CI 0.65, 1.79). In Kim et al's [17] study, a total of 130 children with IX(T) of ≤20 PD (small angle exotropia) were involved, and the results indicated that R&R has a better outcome than ULR (OR=0.37, 95%CI 0.18, 0.74; Table 2 ). All three studies compared the overcorrection rate of ULR versus R&R. The difference between two compared groups (pooled OR=0.26, 95%CI 0.06, 1.12) was not found, as well as the identified heterogeneity (I 2 =0, P=0.07; Table 2 ). ULR and R&R have a similar recurrence rate (pooled OR=1.40, 95%CI 0.93, 2.09) with evident heterogeneity (I 2 =79%, P=0.1). After stratifying included studies with regard to the preoperative angle of deviation, the pooled results of Suh et al's [18] and Kim et al's [19] study that with children exodeviation of 20 PD to 25 PD was consistent with previous one (OR=0.89, 95%CI 0.54, 1.48), and the Kim et al's [17] study with children IX(T) of ≤20 PD was in favour of R&R (OR=3.50, 95%CI 1.68, 7.26; Table 3 ). DISCUSSION Main Findings To our best knowledge, this is the first Metaanalysis of comparing three main kinds of surgeries for treating iIX(T), and found that 1) for basic type IX(T), BLR can acquire a higher success rate and lower recurrence rate when the duration of follow-up is more than 2y, while R&R has a better cure rate and lower undercorrection rate when the during of follow-up is less than 2y, and overcorrection rate is same for both; 2) for moderate angle IX(T), the efficacy of ULR surgery is comparable to R&R surgery (mean duration of followup >2y). For small angle IX(T), R&R has a better long-term outcome (mean duration of follow-up >3y); 3) R&R surgery show a higher exotropic drift than BLR in the long term. BLR versus R&R Lee and Choi [20] reported that the mean follow-up time point of surgical recurrence is 21.3mo. Furthermore, in another study previously conducted by Jeoung et al [21] , a
Kaplan-Meier survival analysis showed that an estimated mean duration from surgery to failure was 23.0±1.9mo in a BLR group and 28.3±2.1mo in an R&R group. So 2y could be used as the point for stratifying follow-up time.
In order to minimize heterogeneity between articles, only studies, the success of which can be got when it was defined as esodeviation of ≤5 PD to exodeviation of ≤10 PD at distance in primary position, were included. For comparison between BLR and R&R, only the basic type IX(T) was included. For ULR and R&R, only two studies included both basic and true divergence excess type IX(T) due to limited researches were available in this area. Actually, one of these two study only included basic type IX(T).
The success rate of BLR surgery ranged from 43% to 83% [3, [13] [14] 16, [21] [22] [23] [24] [25] [26] [27] [28] , and R&R surgery varied from 33% to 83% [3, [13] [14] 16, [26] [27] [28] . In Chia et al's [14] study, at the end of 1-year follow-up, R&R was more successful than BLR with success rate of 74.2% to 42.2%. In addition, Jeoung et al [21] and Kushner et al's [16] reports showed that R&R had significantly better surgical outcomes at 1.3-year and 1-year follow-up, respectively. However, a report by Maruo et al [26] stated that BLR showed a better outcome than that of R&R at the end of 4-year follow-up with success rate of 66.7% and 32.8%. In Choi et al's [15] study, surgical outcomes by 2y after surgery for IX(T) were not different between the two compared groups. However, for the final outcomes (a mean duration of 3.8-year follow-up), the BLR group was better than the R&R group. In this study, BLR had a higher success rate and lower recurrence rate for a duration of follow up of more than 2y, by contrast, R&R showed better effects on cure rate and undercorrection rate for a duration of followup of less than 2y; while for the overcorrection rate, both two compared groups were similar, regardless of the duration of follow-up, indicating that more exotropic drift of R&R than BLR during these periods. Therefore, the hypothesis of that BLR is in possession of a better and more stable long-term surgical outcome than R&R is well justified. More RCTs are necessarily required to verify such hypothesis. As already mentioned above, IX(T) could be divided into four types with respect to the different angle of deviation at distance and near fixation. Classical teaching tells that different types of IX(T) are adapted to different surgical methods. For instances, R&R is better for convergence insufficiency exotropia, BLR is better for divergence excess exotropia, and for basic-type exotropia, both BLR and R&R are recommended. However, in Kushner's [16] study, R&R showed a better surgical outcome than BLR in basic type IX(T) at postoperative 1y, which is very different from classical theory, and a similar outcome between two compared groups at postoperative 2y was indicated by Choi et al's [15] study; however, when the mean duration of follow up is more than 46mo, BLR achieved a higher satisfactory outcome than R&R in basic type IX(T). Subsequent exotropic [4, [29] [30] shift with R&R is common, which is mainly attributed by two explanations. First, medial rectus resection may cause an immediate tethering effect, and result in initial success, but, incomitance of lateral gaze could cause a gradual loss of fusion and exotropic shift. Another possible explanation is the muscle stretching in the long-term caused by the resected medial rectus tension, which may contribute to a weakness of the tethering effect. ULR versus R&R Lee et al [5] has reported that ULR's success rate was 85.7% in the treatment of IX(T) under 25 PD at postoperative 1y. Wang et al [6] also stated ULR is a safe and effective surgery for small to moderate angle (15 to 35 PD) IX(T) with a minimum follow-up of 6mo (success of 76%; [7] conducted a long-term follow-up (3y), and found that patients who underwent ULR had satisfactory results (±5 PD of orthophoria) in the treatment of IX(T) with a deviation of 25 to 30 PD (success of 77.7%). In the very study, results of a Metaanalysis also indicate that ULR is an attractive alternative procedure in the treatment of IX(T) with a deviation of 25 to 30 PD, when compared with R&R. In addition, a report by Yang et al [8] demonstrated that subjects who underwent ULR showed a significantly better outcome at a 3-year follow-up (success rate of 74.2%; esophoria/tropia ≤5 PD to exophoria/tropia ≤10 PD), however a significantly more exotropic drift over time is also indicated. And predictive factors of recurrence were a larger preoperative near angle of deviation (>16 PD) and larger initial postoperative exodeviation (>5 PD) at distance. In Lyu et al's [9] study, patients with 20-24 PD of IX(T) showed a worse prognosis compared with 15-19 PD of IX(T) (followed up >2y). For lesser preoperative angle of deviation, ULR tended to show better surgical outcome. The results of the very study do not support the hypothesis, since the ULR is found to be an effective surgical method for correcting moderate-angle exotropia with results similar to that of R&R. However, only one study involved in the Meta-analysis compared the outcome of ULR and R&R for small-angle exotropia, and more satisfactory surgical outcome was obtained in R&R. The reason of this that interpreted by author of the study is that the proportion of patients in the paper with good stereopsis (60.7% of RR, 73.9% of ULR) was lower than other studies. Since the quantity and quality of included literatures were not enough, the conclusion is not very credible, and further long-term prospective studies with sufficient number of samples are needed to verify the hypothesis. Implication The basic-type IX(T) appears to be the most common of the subtypes and is also the type for which there is the most divergences regarding the issue of which surgical approach is the best. BLR and R&R are the two most common procedures [4] . Most western clinicians prefer to use BLR, as this kind of surgery will not cause incomitance on horizontal gaze for symmetry of the surgery. However, R&R could lead to evident diplopia when the eye moves in the direction of the recession lateral muscle, the situation of which will be gradually improved over time. Some IX(T) children's binocular vision function was severely damaged, which lead to poorer convergence ability with near point of convergence more than 10 cm. Many ophthalmologists, especially in China, think medial rectus resection could enhance the ability of convergency and prevent recurrence of IX(T), so they prefer to choose R&R for these kinds of patients. Others state that postoperative convergence capacity improvement is consistent regardless of what kind of surgical approach is applied, as long as the degree of postoperative strabismus is in the normal range and binocular vision function can be restored. The above two situations can be used as a reference for our choice of suitable surgical method, but which type of surgery is to be chosen is still depends on the long-term prognosis, including decrease of strabismus degree, improvement of stereopsis, and enhancement of control ability. The change of strabismus angle can reflect the curative effect of the operation intuitively and get the recognition of their families, therefore, most clinicians like to use it as an indicator to determine the success of surgery. In this Meta-analysis, success was defined as esophoria/tropia ≤5 PD to exophoria/tropia ≤10 PD, and then the BLR and R&R groups were found with no significant difference for surgical outcomes by 2y. However, BLR could acquire a better long-term (>2y) surgical result than R&R group, while continuous recurrence in the R&R group leads to a high failure rate. Therefore, BLR should be the better choice for the basic type of IX(T) in the long run. The main purpose of IX(T) surgery is to restore binocular function and reduce the frequency of exotropia, so measurements of preoperative and postoperative stereopsis and control are particularly important. The combination of three indicators to evaluate the efficacy of surgery will enable us a more comprehensive understanding of the recovery of those patients who suffered a reduced degree of strabismus, but poorer functional recovery may also require appropriate binocular vision training. The other question is about follow-up time. Due to the lack of long-term post-operative natural history studies, it is difficult to know how long the time two surgical procedures will take to reach a stable period, and to check whether the two surgeries are stable at then. From this article, it is indicated that if the follow-up time is too short, it will cause a false impression of both surgical procedures have a relatively high success rate, and R&R showed a better outcome than BLR. In fact, with extending follow-up time, the success rates of both surgeries were declining, and R&R has a higher rate of recurrence, while BLR could acquire a relatively better result. So in clinical practice, postoperative follow-up should be as long as possible and at least more than 3y. Because some patients could have a good alignment in the short term, and overtime may be slowly back, if such case is found by the clinician in the follow-up process, certain preventive measures, such as binocular vision training, should be taken. Perhaps there is no need to take a second operation, but if the follow-up time is too short, the patients are highly likely to have secondary surgery. In order to reduce postoperative complications and leave room for future re-operation, for small and moderate-angle IX(T), ULR is often recommended. Larger amount of recession of single lateral rectus may lead to complications like abduction limitation and lateral incomitance. However, according to our experience and other authors' reports, these two cases rarely occur, and even when lateral incomitance occurred after ULR, it tends to balance out over time and is not clinically significant. This can be considered as a reference factor for the choice of procedure, but not as a determinant. Our main consideration is the long-term postoperative stability of surgery, and many clinical studies have shown that ULR surgery has a good long-term outcome. Recently, however, ULR also is reported to have a good effect on moderate-angle exotropia (20) (21) (22) (23) (24) (25) . According to the conclusions drawn in this article, R&R is recommended for small-angle IX(T), and both ULR and R&R are proper for moderate-angle IX(T).
Only three retrospective cohort studies compared R&R were included in this paper, which makes the conclusion reached hardly convincing. Actually, the paper is just to summarize the latest researches in this area and have them analyzed to derive some assumptions that may inspire later scholars to eventually address the question of the best surgical approach for treat small and/or moderate angle divergence excess and/or basic IX(T) in children, by conducting more well-designed RCTs. Limitation This Meta-analysis was carried out using robust methods. Of which, the search strategy was not limited by language or date, so the possibility of missing relevant studies should be very low. Moreover, the quality of selected articles was assessed by two independent researches using widely used Critical Appraisal Skills Programme (CASP) checklist. At the same time, this paper is limited in some aspects, of which, the main one is that the design of most studies incorporated in the Meta-analysis is suboptimal. The RCT is the best choice for comparing effectiveness of two kinds of interventions, however there is only one RCT was involved in the entire article, and the quality of this study is not good enough. Due to the lack of high-quality researches in this regard, a more practical approach was employed, shifting the line of sight to studies with next level evidence (retrospective cohort studies with a comparison group). Observational research has inherent design flaws, for example, the selection bias led by the absence of strict method of allocation, which increases the risk of confounding factors on the outcome, such as preoperative deviation or age [9] . Although the difference of the followup period could increase the heterogeneity between different groups, the same type of IX(T) as well as measured outcomes and the definition of success can make the Meta-analysis possible.
